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Abstract
REBa2Cu3Ox (REBCO, RE = rare earth) coated conductors are expected to show high performance for superconducting
applications because of their high current density and high mechanical strength. Fujikura has developed REBCO coated conductor
over 570 A/cm width at 77 K, self field with over 800 m length. In addition, we have succeeded in developing a 5 T cryocooled
REBCO magnet with a stored energy of 426 kJ. The magnet is composed of 24 pancake coils and the total length of the REBCO
coated conductors is approximately 7.2 km. It is important to validate the long-term operation test results of the REBCO magnets
with larger diameters in order to use these conductors in practical superconducting applications. We confirmed that the REBCO
magnet could be excited up to 5 T 16 months after the fabrication of the magnet. On the other hand, we have evaluated the 24-
stacked pancake coil in liquid nitrogen before fabrication the 426 kJ magnet. The difference of the calculated critical current (Ic)
and measured Ic of the stacked coil was 2%. We have confirmed that the calculated coil Ic was in good agreement with the
measured coil Ic in liquid nitrogen.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
High performance REBa2Cu3Ox (REBCO, RE = rare earth) coated conductors, such as those over a few hundred
amperes per centimeter width at 77 K, self field (s.f.) with a few hundred meters length, have become commercialized
[1],[2]. In particular, Fujikura has developed over 570 A/cm at 77 K, s.f. with over 800 m length [2]. REBCO coated
conductors are expected to show high performance for superconducting applications because of their high current
density and high mechanical strength.
On the other hand, more characteristic data of the REBCO magnets with larger diameters have been required in
order to use these conductors in practical superconducting applications. In 2012, we succeeded in developing a 5 T
cryocooled REBCO magnet with a 20-cm-diameter room temperature bore with a stored energy of 426 kJ [3]. The
magnet is composed of 24 impregnated pancake coils with an inner diameter of 260 mm, and the total length of the
REBCO coated conductors is approximately 7.2 km. In addition, we evaluated the axial central magnetic field drift of
the magnet with and without 1% current reversal of the coil current. As a result, we confirmed that the axial central
magnetic field drift of the magnet can stabilize by 1% current reversal of the coil current [4]. We demonstrated that the
426 kJ cryocooled REBCO magnet could be excited up to 5 T for 720 minutes 9 months after the fabrication of the
magnet [5]. Furthermore, we fabricated and evaluated a model magnet of the 426 kJ cryocooled magnet with REBCO
coated conductors before the fabrication of the 426 kJ cryocooled magnet. We confirmed that the difference between
the calculated approximate expression and the measured coil Ic from 30 K to 77 K is within 5%. We confirmed that the
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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thermal runaway could be ramped down from 361 A without degradation at 46 K after the detected normal
transition[5].
It is important to confirm the difference of the calculated critical current (Ic) and measured Ic. The evaluation
results of the 24-stacked pancake coil of 426 kJ cryocooled REBCO magnet in liquid nitrogen have not been reported,
although it have been evaluated before the 426 kJ magnet evaluation under the cryocooled condition. Therefore, in this
paper, we reported the comparison of the calculated and measured Ic of the 24-stacked coil.
2. Specifications of RECO coated conductors and 5 T REBCO magnet
REBCO coated conductors are manufactured by Fujikura Ltd. using the ion-beam-assisted deposition (IBAD) and
pulsed laser deposition (PLD) methods. The specifications of the REBCO coated conductors used in the 426 kJ
magnet are listed in Table 1. These conductors are 10 mm wide with a 0.1-mm-thick Hastelloy® substrate and a 0.3
mm thick copper stabilizer, which is soldered to a silver layer on a superconducting layer. In this table, it were
specified the critical current (Ic) with the criterion of 10-7 V/cm, and the n-value ranged from 10-8 to 10-7 V/cm. In
addition, the specifications of the 426 kJ magnet are listed in Table 2 [3],[4]. Fig. 1 shows photograph of the 5 T
REBCO magnet. The stabilizer thickness of REBCO coated conductors was determined by means of evaluating the
heat generation under adiabatic conditions using the heat balance equation [3],[4],[7].
Table 1. Specifications of the REBCO coated conductors
Parameters Values
Width 10 mm
Thickness of substrate 0.1 mm
Thickness of copper stabilizer 0.3 mm (laminated)
Critical current at 77 K, s. f. > 467 A
n-values at 77 K, s. f. 24 - 38
Table 2. Specifications of the 426kJ REBCO magnet
Parameters Values
Inner diameter of coil 260 mm
Outer diameter of coil 535 mm
Coil height 271 mm
Number of pancakes 24
Total tape length 7.2 km (300 m24)
Total number of turns 5775
Operating temperature 25 K
Operating current 333 A
Central magnetic field 5.0 T
Inductance 7.68 H
Stored energy 426 kJ
Fig. 1. Photograph of the 5 T REBCO magnet with a 20-cm-diameter room temperature bore
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3. Result and discussion
3.1. Evaluation of the 24-stacked pancake coil in liquid nitrogen
24 REBCO impregnated pancake coils are fabricated with copper cooling plates and flanges, and all the REBCO
pancake coils are electrically jointed. The 24-stacked coil was carefully cooled down for 1470 min with liquid
nitrogen after the fabrication. The terminal voltage of the 24-stacked coil was also measured during cool-down.
Cooling characteristics and schematic of the 24-stacked coil are shown in Fig. 2 and Fig. 3, respectively. Five
thermocouples were attached on the cooling plates and flanges of the 24-stacked coil, as shown in Fig. 3.
The coil current, central magnetic field, and coil voltage at the excitation test results in liquid nitrogen are shown in
Fig. 4. The axial central magnetic field of the 24-stacked coil was measured as 1.46 T by a hall sensor when the coil Ic
reached at 95 A. We have confirmed that the 24-stacked coil could successfully excite up without degradation.
Fig. 2. Cooling characteristics of the 24-stacked coil Fig. 3. Schematic of the 24-stacked coil in liquid nitrogen
Fig. 4. Time variations of the coil voltages, current, and magnetic field in liquid nitrogen
3.2. Comparison of the calculated and measured Ic of the 24-stacked coil
We have compared the calculated and measured Ic of the 24-stacked coil in liquid nitrogen. For the calculation of
the coil Ic, we have used the following equation: [5],[6]
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where r is the radius, Ic is the critical current of the coated conductor of the short sample with a criterion of 10-7
V/cm, B is the magnetic field, T is the temperature, ș is the magnetic field angle, and n is the n-value of the coated
conductors.
Fig. 5 shows the calculated and measured coil Ic of the 24-stacked coil. The coil Ic is defined with a criterion of
10-7 V/cm at each temperature [7]. In the calculation, the Ic-B-ș characteristics of the coated conductors are obtained
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from the fit of the experimental results in liquid nitrogen, as shown in Fig. 6. The calculated coil Ic of the 24-stacked
coil is 93 A at 77 K. The difference between the calculated and the measured coil Ic at 77 K was 2%. Therefore, the
calculated coil Ic was in good agreement with the measured one at 77 K. These results indicate that the coil Ic with
REBCO coated conductors can be calculated with accuracy and the 24-stacked coil could be fabricated without
degradation.
We confirmed that the coil Ic is determined in the central two double pancake coils of the 24-stacked coil. This
result indicates that the coil Ic around 77 K is depends on the parallel magnetic fields (B//ab) of REBCO coated
conductors in this magnet, because the ratio of Ic (B//ab) and Ic (B//c) at 77 K is smaller than that at 20 K, as shown in
Fig. 6.
In addition, the affect of the screening current to the central magnetic field of the magnet is reported approximately
2% [7]. However, it is also confirmed that the axial central magnetic field drift of the magnet could stabilize by 1%
current reversal of the coil current [4].
Fig. 5 Comparison between the measured and Fig. 6 Comparison of Ic-B-ș characteristics of a coated
the calculated coil Ic of the 24-stacked coil conductor between 20 K and 77 K
4. Conclusion
We developed a 5 T cryocooled REBCO magnet with a stored energy of 426 kJ, which magnet is composed of 24
pancake coils and the total length of the REBCO coated conductors is approximately 7.2 km. We have evaluated the
24-stacked coil in liquid nitrogen before fabrication the 426 kJ magnet. The difference of the calculated coil Ic and
measured Ic of the stacked coil was 2%. We have confirmed that the calculated coil Ic was in good agreement with the
measured coil Ic in liquid nitrogen. In addition, we confirmed that the coil Ic is determined in the central two double
pancake coils. This result indicates that the coil Ic around 77 K is depends on the parallel magnetic fields (B//ab) of
REBCO coated conductors in this magnet.
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